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t571 ABSTRACT 
A hand controller which includes a hand grip having 
therein a mechanism for allowing truly linear motion 
along at least two axes by modifying a four-bar linkage 
with a second four-bar linkage to counteract any rota- 
tional motion that would otherwise occur. 
18 Claims, 4 Drawing Sheets 
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THREE DEGREE OF FREEDOM 
TRANSLATIONAL AXIS HAND CONTROLLER 
MECHANISM 
UNITED STATES GOVERNMENT RIGHTS 
The invention described herein was made in the per- 
formance of work under NASA contract No. NAS 
9-18200, and is subject to the provisions Section 305 of 10 
the National Aeronautics and Space Act of 1985, as 
amended (42 U.S.C. 2457). 
BACKGROUND O F  THE INVENTION 
particularly to hand operated controllers for operating 
remote systems such as trains, robot arms, air or space 
craft, free fliers and the like. 
In the prior art there are a number of hand controllers 
designed for controlling robots, aircraft or spacecraft, 2o 
each having specific features useful for particular appli- 
cations. For example, in the Israel Menahem patent 
application Ser. No. 07/655,740 filed Feb. 14, 1991 a 
unique mechanism is shown for purposes of providing a 25 
three degree of freedom hand grip in which all three 
axes intersect within the cavity of the grip to prevent 
cross-coupling. Force feedback is also provided from 
remotely located force producing devices through a 
unique connection therein described. One feature not 30 
found in the above co-pending application or in other 
such prior art references is a mechanism for truly allow- 
ing the hand grip to move with a linear motion along 
the for example, pitch or roll axes, Le., those in a hori- 
zontal plane with respect to the craft or housing. Such 35 
truly linear motion is often desired to overcome cross- 
coupling which can occur between linear and rotational 
axis due to the arc motion of the linkage. 
Although in a general sense straight line motion 
mechanisms are known in the art as, for example, the 
Roberts’ mechanism to be later described herein, such 
mechanisms provide truly linear motion for only one 
point in the system. More particularly, if a Roberts’ 
mechanism were used unaltered with a hand grip for 45 
controlling a craft, one point in the hand grip would 
move in a linear fashion as the hand grip is pushed, but 
such motion would be accompanied by rotational mo- 
tion of other points in the hand grip. No mechanisms 
has heretofore been provided which will allow all of the 50 
points in a hand grip controller to move in a truly linear 
fashion, that is, with all the point moving parallel to a 
pre-determined direction. 
5 
The present invention relates to controllers and more 15 
40 
SUMMARY O F  THE INVENTION 55 
The present invention provides a three degree of 
freedom hand grip controller in which the hand grip 
moves with truly linear motion. This is accomplished by 
utilizing a modified Roberts’ mechanism to provide I n  
2 
BRIEF DESCRIPTION O F  THE DRAWINGS 
FIG. 1 shows a hand grip connected to a mechanism 
similar to a form of Roberts‘ mechanism; 
FIG. 2 shows the modification to the hand grip of 
FIG. 1 as employed in one form of the present inven- 
tion; 
FIG. 3 shows a geometric layout fo; describing the 
movement of the handgrip of FIG. 2 in one direction; 
and 
FIG. 4 is a perspective and partially exploded view of 
a hand grip mounted to provide linear motion in both of 
the pitch and roll axes. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
In FIG. 1 a typical hand grip 10 is shown connected 
to a member 12 which appears in the form of a inverted 
“T’. 
A bar 14 is shown pivotally connected to a base 16 at 
a point 18 and extends downwards to the right to be 
pivotally connected to the left end extension 20 of T- 
shaped member 12 at a point 22. 
A second bar 24 is shown pivotally connected to the 
base 16 at a point 28 and extends downwards to the left 
where it is connected to the right hand extension 30 of 
T-shaped member 12 at a point 32. 
The T-shaped member 12, bar 14 and bar 24 con- 
nected together with the base 16 form a four-bar linkage 
which is similar to the Roberts’ mechanism as is de- 
scribed a book entitled “Theory of Machines and Mech- 
anisms’’ by Joseph Shigley and John Uicker, Jr., pub- 
lished by McGraw-Hill Book Company, Section 1-1 1 
entitled “Straight Line Mechanisms” on pages 22 and 23 
describe four such mechanisms the (b) one of which is a 
Roberts’ mechanism. Also see a book entitled “Kine- 
matic Synthesis” by Richard Hartenberg and Jacquest 
Denauit, published by McGraw-Hill Book Company, 
Section 6-6 entitled “Straight Line Mechanisms- 
Approximate and Exact”, pages 179- 18 1. 
As is known from the Roberts’ mechanism principal a 
point 36 which lies half way along a line between points 
18 and 28 will move in a straight line as the mechanism 
is moved to the right and left as in FIG. 1. To show this, 
FIG. 1 also includes a dashed line version of the ele- 
ments so far described with reference numerals the 
same as those used with respect to the solid line version 
except that they are primed. It is seen as the grip 10 
moves to the right to accept a new position lo‘, bar 14 
rotates counter clockwise around pivot 18 to a new 
position 14, similarly bar 24 will rotate counter clock- 
wise around pivot 28 to a new position 24’. This motion 
is accompanied by a clockwise rotation of the inverted 
“T” member 12 to a new position 12. It is seen that 
while point 36 has now moved linearly along the line 
between points 18 and 28 to a new point 36, the hand 
grip 10 has rotated with the T-shaped member 12 by an 
angle shown as “(3” in FIG. 1. Such motion could cause 
undesirable cross-coupling in the mechanism with 
ui which the hand controller-is employed. counter rotation of the hand grip in a direction which is now 
overcomes the rotation that occurs using a conventional shown connected to a block shaped member 40 which is 
Roberts’ mechanism. The modification includes a sec- pivoted to an inverted T-shaped member 42 at a point 
ond linkage n ~ h a n i s m  connecting a Portion of the 46. In other words the hand grip 10 is no longer fixedly 
Roberts’ mechanism to the hand grip so that as the 65 mounted to the inverted T-shaped member 42, but is, 
rotational movement of the Roberts’ mechanism occurs instead, pivotally connected thereto. 
counter rotational movement is produced on the hand A first bar 54 is pivotally mounted to a base 56 at a 
grip by the additional linkage. point 58 and extends downwardly to the right where it 
Referring now to FIG. 2, the hand grip 
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is pivotally connected to the left hand extension 60 of 
inverted T-shaped member 42 at a point 62. Similarly, a 
second bar 64 is pivotally connected to the base 56 at a 
point 68 and extends downwardly to the left where it is 
Pivotally connected to the right hand extension 70 of 5 
points of block 40 and grip 10 move in lines parallel to 
the line between points 58 and 68 as is desired. Thus, the 
desire truly linear motion of grip 10 has been accom- 
plished. 
As an example of the length of the various elements 
inverted T-shaped member 42at a point 72. The base 56, 
inverted T-shaped member 42 and bars 54 and 64 form 
a first four bar linkage which is quite similar to the 
Roberts’ mechanism above-described in FIG. 1, except 
that the hand grip 10 is no longer fixedly connected to 
T-shape member 42. 
In the embodiment of FIG. 2, bar 54 is shown with an 
extension 80 extending downward to the left beyond the 
point 62 and third bar 84 is shown pivotally connected 
to the end of extension 80 at a point 86 and extends 
upwardly to the right while its other end 15 pivotally 
connected to the block shaped member 40 at a point 88 
lies below and to the right of point 46. A second four- 
bar linkage is thereby formed by the inverted “T” 42, 
the extension 80, the bar 84 and the block member 40 
which operates as will be hereandafter described in 
connection with FIG. 3, to provide truly linear move- 
ment of hand grip 10. More particularly, as hand grip 10 
is moved to the right, point 46 continues to move in a 
straight line along the line between points 58 and 68 as 
was in the case of FIG. 1, but now, instead of this mo- 
tion being accompanied by rotational motion of the 
hand grip 10, such motion will produce counter rota- 
tional forces through the linkage 80 and 84 to cause 
block member 40 to rotate in a counter clockwise direc- 
tion with the result that all points of grip 10 will move 
in lines parallel to the line between points 58 and 68 as 
is desired. 
capable of producing the desired linear motion, the 
following values have been found satisfactory: 
10 Distance Between Points riches 
58 and 68 5.00 
58 and 46 2.50 
46 and 88 1.92 
58 and 62 3.00 
62 and 86 1 .OO 
15 86 and 88 3.13 
62 and 12 2.50 
12 and 68 3.00 
88 and line ioining 58 and 68 0.80 
20 It should be understood that the above values repre- 
sent only one specific embodiment of the present inven- 
tion and that the arrangements and values can be cre- 
ated using the principles herein described. 
It is now seen that the Roberts’ mechanism modified 
25 as I have described above produces a hand grip motion 
which is truly linear. The description above has been 
shown in connection with one axis, the roll axis, for 
example. In order to accomplish linear motion along a 
second or roll axis as may be desired for a hand control- 
30 ler used in aircraft control type mechanisms, it is only 
. necessary that the base or frame 56 shown in FIG. 3 
itself mounted in additional modified Roberts’ mecha- 
nism to a second base or frame. For example, one possi- 
ble way of mounting such arrangement is shown in 
FIG. 4 the hand grip 10 is shown mounted 
Refer now to FIG. 3 wherein the bars and blocks of 
FIG. 2 are shown as straight lines for clarity. The points 35 FIG. 4. 
nection shown in FIG. 2 and accordingly have been 
given the same reference numerals as used in FIG. 2. 
Likewise, the straight lines joining the points in FIG. 3 
have been given the reference numerals used in connec- 4-9 direction 
tion with the various mechanisms of FIG. 2. For exam- 
connected to a straight line 40. The inverted “T” 42 is 
shown pivotally connected at points 62 and 72 to bar 
members 54 and 
the base member 56 at points 58 and 68. 
58* 62, 727 86 and 88 represent the pivotal con- for motion about 3 mutually oahaganol axes X, Y and Z 
which represent pitch, roll and yaw. Pushing grip 
along the direction 
pitch axis while pushing the hand grip 
will produce an output for the 
along the 
will produce a roll output and turning grip 
direction will produce an output for the 
shown in FIG. but may 
of which are pivotally connected to 45 be like those described in the above-copending applica- 
about the PIe* the hand grip is shown as a straight line lo yaw axis. The mechanisms for producing output signals 
for use by the aircraft are 
tion of Israel Menahem Serial No. 07/655,740. 
FIG. 3 also shows the apparatus in a second position 
by dash lines which carry the Same reference numerals 
as the solid lines but are primed. It is Seen that the hand 
Grip lo is shown connected to a shaft loo which is 
mounted for Pivotal motion a lo2 by a bearing 
lo4. A first jnverted T-shaped member lO6 is Pivotally 
grip 10 is moved to the right in FIG. 3, bar 54 5o connected to block 102 at a pivot 108. A first bar 110 is 
counterc~ockw~se ahut point 58 to a new position 54’ connected to a first frame member 112 at a pivot 114 
while bar 64 rotates in a counterc~ockw~se direction and extends downwardly to be connected to a left ex- 
about point 68 to a new position 64’. ~~~~~~~~~i~~ this tension 116 of inverted T-shape member 106 at a pivot 
motion, the T-shaped member 42 rotates in a clockwise 118. A second bar 120 is pivotally connected to frame 
direction to a new position 42’. Ail of this is as it was in 55 112 at a pivot 124 and extends downwardly to the left 
FIG. 1 and would produce a rotational motion 0 ofgrip where it is connected to the right hand extension 126 of 
10 if it were not for the present invention. inverted T-shape member 106 at a pivot 128. Bar 110 
Accompanying rotation of member 54 about point 58 has an extension 130 which is connected to a third bar 
extension 80 moves to a new position 80 and in doing so 134 at a pivot 136 and bar 134 extends upwardly to the 
pushes bar 84 against point 88 of member 40 so that bar 60 right where it is pivotally connected to block 102 at a 
member 90 is forced to move in a counter clockwise pivot 138. The apparatus described this far in FIG. 4 is 
direction to a new position 40’. By popularly choosing substantially equivalent to the apparatus shown in FIG. 
the lengths of extension 80, bar 84 and the arm repre- 2 and allows for motion of grip 10 along the X direction 
sented by block 40, the amount of counter clockwise in a truly linear fashion as described above. While not 
rotation of block 40 can be made equal to angle 0 so 65 shown, similar apparatus to the inverted “T” 106, bars 
that point 88 remains the same distance from the line 110, 120, 130 and 134 may be connected to the other 
between points 58 and 68 as it was originally. With both side of block 102 for symmetry and to prevent unbal- 
points 46 and 84 moving linearly, it can be seen that all ance. 
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The frame member 112 may also be mounted for truly 
linear motion along the Y direction by being connected 
in a similar fashion to a second frame 156 mounted in a 
housing 158 which has been shown in cut-away view to 
expose the apparatus. A second inverted “T” member 5 
166 is shown connected to frame member 112 at a pivot 
168. A first bar member 174 is pivotally connected to 
the frame 156 at a pivot 178 and extends downwardly to 
the right and is pivotally connected to the left end ex- 
moves with respect to the base member, by an 
amount sufficient to cause the second point to also 
move, with respect to the base member, only paral- 
le1 to the first direction. 
2. Apparatus according to claim 1 wherein the first 
linkage means and base member comprise a four-bar 
linkage. 
3. Apparatus according to claim 2 wherein the four- 
.bar linkage substantially comprises a Roberts’ mecha- 
tension 180 of inverted “T” member 168 at a pivot 182. 10 
A second bar 184 is also pivotally connected to frame 
156 connected to box 158 at a point which is not shown 
in FIG. 4 for clarity but which will be understood to be 
similar to the connections heretofore described. Bar 184 
extends downwardly to the left where it is pivotally 15 
connected to the right hand extension 190 of inverted 
“T” member 166 at a pivot 192. 
Member 174 has an extension 200 which is pivotally 
connected to a bar 204 at a pivot 206. Bar 204 extends 
uDwardh to the rieht where it is Divotallv connected to 20 
frame l i 2  at a pivit 208. While i o t  sho&, the linkage 
mechanism including inverted T-shaped member 166, 
bars 174, 184, extension 200 and bar 204 may also be 
connected to the other side of the frame member 112 to 
provide for symmetry and to prevent unbalance. 
In any event, it is seen that the frame 112 will now 
move in the Y direction with truly linear motion in the 
same manner as has been described with connection to 
block 102. 
It is therefore seen that I have provided a hand grip 
which can move in the X ahd Y direction with truly 
h e a r  motion without rotation which could cause possi- 
ble cross-coupling problems. While I have shown the 
yaw axis as being rotational about the Z axis which is 
common and quite without any cross-coupling prob- 
lems, it is seen that I could further provide for truly 
linear motion up and down in FIG. 4 by including a 
third modified Roberts’ mechanism to allow box 158 to 
move in yet another frame of reference up and down. 
It is seen that I have provided a desired three degree 
of freedom translational axis hand controller mecha- 
nism which will move in truly linear fashion as was not 
obtainable with the prior art mechanism and have done 
so with a simple straight forward mechanical linkage 
mechanism. 
Many changes will occur to those skilled in the art 
and the specific mechanisms described in connection 
with a preferred embodiments may be modified so as to 
provide other arrangements for producing truly linear 
motion by utilizing the principals herein described. 
Accordingly, although the invention has been described 
with reference to the preferred embodiments, workers 
skilled in the art will recognize that changes may be 
made in form and detail without departing from the 
spirit and scope of the invention. 
What is claimed is: 
1. Apparatus for moving a first member having first 
and second points thereon, in a first direction with re- 
spect to a base member so that the first and second 
points move, with respect to the base member, only 
parallel to the first direction comprising: 
first linkage means connected to the base member and 
to the first member and operable to permit the first 
point to move, with respect to the base member, 
only parallel to the first direction, and; 
second linkage means connected to the first linkage 
means and to the first member and operable to 











4. Apparatus according to claim 1 wherein the first 
linkage includes a first structure having third fourth and 
fifth points thereon and wherein the first point is pivot- 
ally connected to the third point. 
5. Apparatus according to claim 4 wherein the first 
linkage further includes a second structure with sixth 
and seventh points thereon, the sixth point being pivot- 
ally connected to the base member and the seventh 
point being pivotally connected to the fourth point. 
6. Apparatus according to claim 5 wherein the first 
linkage further includes a third structure with eighth, 
ninth and tenth points thereon, the eighth point being 
pivotally connected to the base member, the ninth point 
being pivotally connected to the fifth point and the 
tenth point being pivotally connected to the second 
linkage means. 
7. Apparatus according to claim 6 wherein the second 
linkage means has eleventh and twelfth points thereon, 
the eleventh point being pivotally connected to the 
tenth point and the twelfth point being pivotally con- 
nected to the second point. 
8. Apparatus according to claim 7 wherein the first, 
sixth and eighth points are in a line along the first direc- 
tion. 
9. Apparatus according to claim 8 wherein the sixth 
and eighth points lie the same distance on either side of 
the first point. 
10. Apparatus for moving a first member having first 
and second points thereon, in first and second directions 
with respect to a base member so that the first and 
second points move, with respect to the base member, 
only in planes parallel to the plane of the first and sec- 
ond directions comprising: 
first linkage means connected to the first member and 
to an intermediate member and operable to permit 
the first point to move, with respect to the interme- 
diate member, only in a plane parallel to the first 
direction; 
second linkage means connected to the first linkage 
means and to the first member and operable to 
rotate the first member, when the first member 
moves with respect to the intermediate member, by 
an amount sufficient to cause the second point to 
also move, with respect to the intermediate mem- 
ber, only in a plane parallel to the first direction; 
third linkage means connected to the intermediate 
member and to the base member and operable to 
permit the third point to move, with respect to the 
base member, only in a plane parallel to the second 
direction; and 
forth linkage means connected to the third linkage 
means and to the intermediate member and opera- 
ble to rotate the intermediate member, when the 
intermediate member moves with respect to the 
base member, by an amount sufficient to cause the 
forth point to also move, with respect to the base 






11. Apparatus according to claim 10 wherein the first to a base member at an eleventh point, an eighth mem- 
linkage means and intermediate member comprise a first ber pivotally connected to the sixth member at the ninth 
four-bar linkage and the third linkage means and base point and to the base member at a twelfth point so that 
member comprise a second four-bar linkage. the tenth point is movable within the mechanism only 
12. Apparatus according to claim 11 wherein the first 5 along a line between the eleventh and twelfth points and 
and second four-bar linkage each substantially comprise further including means pivotally connecting the frame 
a Roberts’ mechanism. member to the sixth member at the tenth point, and a 
13. Apparatus according to claim 10 further including ninth member pivotally connected to the seventh mem- 
means mounting the first member for rotational motion ber at a thirteenth point and to the frame ‘member at a 
about a third axis. 10 fourteenth point so that as the frame member moves, the 
14. In apparatus for use with a Roberts’ mechanism fourteenth point moves parallel to the movement of the 
which includes a fust member having first, second and tenth point. 
third points thereon arranged in a triangle, a second 16. Apparatus according to claim 15 wherein the 
member pivotally connected to the first member at the fourth member is a hand grip for a controller mecha- 
first point and to a frame member at a fourth point and 15 nism. 
a third member pivotally connected to the first member 17. Apparatus according to claim 16 wherein the 
at the second point and to the frame member at a fifth hand grip is also rotatable about an axis perpendicular to 
point, so that the third point is movable within the the plane of the motions of the third, sixth, tenth and 
mechanism only along a line between the fourth and fourteenth points. 
fifth point, the improvement comprising: 18. The method of making all points of a first member 
a fourth member pivotally connected to the first move in parallel straight lines comprising the steps of: 
member at the third point and having a sixth point pivotally connecting a first point on the first member 
thereon, and to the point of a Roberts’ mechanism which moves 
a fifth member pivotally connected to the fourth in a straight line; and 
member at the sixth point and to the second mem- 25 pivotally connecting a second member to the first 
ber at a seventh point so that as the fourth member member at a second point thereon and to a point of 
moves, the sixth point moves parallel to the move- the Roberts’ mechanism which does not move in 
ment of the third point. straight line so as to produce counter rotational 
15. Apparatus according to claim 14 further including movement of the first member by an amount sub- 
a sixth member having eighth, ninth and tenth points 30 stantially equal to the rotation of the first member 
thereon arranged in a triangle, a seventh member pivot- that would be caused by the Roberts’ mechanism. 
20 
ally connected to sixth member at the eighth point and * * * * *  
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